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TOM TAT: Cay Steiner nhé nhdt (Steiner Minimal Tree - SMT) la bai todn t6i wu 16 hop cé nhiéu vmg dung quan trong trong khoa
hoc va ky thudt; day la bai toan thugc l6p NP-hard. Trong hang chuc nam qua, da cé nhiéu bai bdo khoa hoc cong bé cach gidi bai
todn SMT theo cdc hudng tiép cdn gidi chinh xdc va gidi gan ding. Trong bdi bdo ndy, hai thudt todn heuristic gidi bdi todn SMT
duwoc dé xudt; dé xudt thir nhat la sir dung Y twong chinh ciia thudt todn fim cdy dwong di ngdn nhét va dé xudt thir hai la két hop y
tudng chinh cua cac thudt toan Prim va Dijkstra. Cac thudt todn dé xudt da duwgc thuc nghiém trén cac do thi ‘thua trong hé thong
dir liéu thuc nghiém chudn; két qud thie nghiém cho thdy rang cdc thudt todn dé xudt la hiéu qud hon mgt s6 thudt todn gidi gan
diing hién biét; nhat la doi voi cdc do thi thua cé kich thude lon. Céc két qua thiee nghiém ndy la théng tin hitu ich cho cdc nghién
ctiu tiép theo vé bai todn SMT.

Tir khéa: Steiner minimal tree, sparse graph, heuristic algorithm, metaheuristic algorithm.
I. GIOI THIEU

A. Mpt s6 dinh nghia
Muc nay trinh bay mot s dinh nghia va tinh chat lién quan dén bai toan cay Steiner nho nhat.
Pinh nghia 1. Cay Steiner [3]

Cho G = (V(G), E(G)) 1a mot don dd thi vo hudng lién thdng va co trong sé khdng am trén canh; trong d6 V(G)
la tap gom n dinh, E(G) la tap gdm m canh, w(e) 1a trong s cua canh e, e € E(G). Cho L 1a tap con cac dinh cta V(G),
cay T di qua tat ca cac dinh trong L dugc goi la ciy Steiner ctia L.

Tap L dugce goi la tap terminal, cac dinh thudc tdp L dugce goi la dinh terminal, dinh thude cay T m? khong
thudc tap L duoc goi la dinh Steiner. Khac v6i cac bai toan cdy khung thuong gap, cdy Steiner chi can di qua tat ca cac
dinh thudc tap terminal L va c6 thé thém mét s6 dinh khac nita thude tap V(G).

Pinh nghia 2. Chi phi cay Steiner [3]

Cho T = (V(T), E(T)) la mét cdy Steiner cua d6 thi G, chi phi cua cay T, ky hiéu la C(T), la tong trong sb cua cac
canh thugc cay T, tac 1a C(T) = Yeepr w(e).

Pinh nghia 3. Cdy Steiner nhé nhat [3]

Cho db thi G dugc md ta nhu trén, bai toan tim cay Steiner c6 chi phi nho nhat dwoc goi 1a bai toan cay Steiner
nho nhat (Steiner Minimal Trees problem — SMT); hodc ciing ¢6 thé dugc goi ngan gon hon d6 la bai toan ciy Steiner
Steiner Trees problem).

SMT 12 bai toan tdi uu to hop trén 1y thuyét do thi. Trong truong hop tong quat, SMT da dugc chimg minh thugce
16p bai toan NP-hard [3,16]. Co hai truong hop déc biét d6i v6i bai toan SMT 1a giai dugc trong thoi gian da thirc; d6
14 khi L=V(G) va khi |L|=2 (L] 1a ky hiéu s6 hrorng dinh cua tap Y): Khi L=V thi bai todn SMT c6 thé giai bang cac thuat
toan tim cay khung nho nhat; chiang han nhu cac thuat toan Prim [20], Kruskal [20]; khi |L|=2 thi bai todn SMT c6 thé
giai duoc bang cac thuat toan tim duong di ngin nhét giita hai dinh; chang han nhu thuat toan Dijkstra [20].

Dé ngin gon, trong bai bao nay tir o thi dwoc hiéu 1a don db thi, v hudng, lién thong, co trong s6 khong am.

B. Ung dung ciia bai toan SMT

Bai toan SMT c6 thé dugc tim thiy trong cac (g dyng quan trong trong mot s6 linh vuc khoa hoc va ky thuat;
ching han nhu bai toan thiét ké mang truyén thong [17,19], bai toan thiét k& VLSI (Very Large Scale Integrated)
[9,12], c4c bai toan lién quan dén hé thong mang véi chi phi nho nhét [2, 4, 8, 29],... Do la bai toan thudc 16p NP-hard
nén ing dung ciia bai toan SMT cin dugc xem xét dudi cac goc do cua bai toan thiét ké hay 1a dudi goc d6 cua bai toan
thyc thi: Néu & goc d¢ thiét ké thi wu tién hon vé chét lugng 10i gidi hon; néu ¢ goc do thyc thi thi wu tién vé thoi gian
chay hon.
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C. Mjt s6 nghién ciru lién quan bai toan SMT VA vin dé ddt ra can gidi quyét

Do c6 tinh khoa hoc va tinh ng dung rong réi, bai toan SMT da thu hut dugc sy quan tam nghién ctru cua nhiéu
nha khoa hoc trén thé gidi trong hang chuc ndm qua; da c6 hang loat thuat toan giai bai toan SMT duoc dé xuat va co
thé chia chung 1am céc hudng ti€p cén sau:

Hueéng thir nhdt 1a cac thuat toan tim 10i giai déng. Chang han thuat toan quy hoach dong cia Dreyfus va
Wagner [23], thut todn dya trén phép noi long Lagrange cua Beasley [11], thuat toan nhanh can cuia Koch va Martin
[27],... Uu diém cua hudng tiép can nay 1a tim dugc 161 giai chinh xac, nhuoc diém cuia hudng tiép can nay la chi giai
dugc cac bai toan kich thude nho [6, 7, 30]. Hudng tiép can nay 1a co so quan trong dé danh gia mirc d6 chinh xéac ctia
cac thudt toan giai gan dung. Viéc tim 16i giai dung cho bai toan SMT thyc sy 1a mot thach thirc 16n trong 1y thuyét tdi
uu t6 hop [26, 28].

Hwo‘ng thir hai 1a cac thuat toan tim 101 giai gén dung can ti le Uu diém cua cac thuat toan ndy 1a co su dam bao
thuat toan nay 1a can ti 1€ tim duoc cua nhleu thuét toan de xuat trong thuc té thuong 1a kém hon rat nhleu so v&i chat
luong 161 giai tim dugc béi nhiéu thuét toan gan dung khac dua trén thuc nghiém. Thuit toan MST-Steiner ¢6 can ti 1€ 2
(MST-Minimum Spanning Trees) [3, 4], thuat toan Zelikovsky-Steiner ¢ can ti 1€ 11/6 [3, 4] 1a cac thuat toan dién hinh
cta hudng tiép can nay.

Hueéng thit ba 1a cac thuat toan heuristic. Thuat toan heuristic chi nhitng kinh nghiém riéng biét dé tim kiém 1oi
giai cho mot bai toan tdi wru cu thé. Thuét toan heuristic thuong tim dugc 101 giai ¢6 thé chap nhan dugc trong thoi gian
cho phép nhung khong chic d6 1a 101 giai tot nhat [14, 22, 24]. Uu diém cia cac thudt toan heuristic 1a cho thoi gian
chay nhanh; dién hinh nhu thuat toan Distance Network Heuristic ciia Kou, Markowsky va Berman [15]; thudt toan
MST-Steiner ctia Bang Ye Wu va Kun-Mao Chao [3] cling duoc xem 1a mot heuristic giai bai toAn SMT.

Hudng thir tur 1a cac thudt toan metaheuristic. Thudt toan metaheuristic st dung nhiéu heuristic két hop véi cac
k¥ thuat phu trg nhdm khai pha khong gian tim kiém; metaheuristic thugc 16p cac thuat toan tim kiém tdi wu. Hién da
¢6 nhiéu cong trinh st dung thuat todn metaheuristic giai bai toan SMT; chang han nhu thuat toan local search [21],
thuat toén tim kiém tabu [5], thuat toan di truyen [1], thudt toan di truyén song song [19],.... Cho dén hién tai, huéng
tiép can metaheuristic cho chat lugng 10i giai t6t trong s cac thuat toan giai gan dung; tuy nhién thoi gian thyc hién
céc thuat toan metaheuristic 1a cham hon nhiéu so v6i cac thut toan heuristic.

Vén dé dat ra ciia ching t6i trong bai bao nay la dé xuét thuat toan heuristic giai bai toan SMT cho chat lwong
101 giai chap nhan dugc va thoi gian chay nhanh hon so vGi cac thuat toan metaheuristic; van dé nay cang c6 y nghia
khi xét vé goc do bai toan thyc thi khi 4p dung bai toan cay Steiner vao van de thuec té.

Il. PE XUAT THUAT TOAN HEURISTIC GIAI BAI TOAN SMT

Trong bai bao nay chung t6i s& d& xuat hai heuristic dva trén thuat toan tim dudng di ngin nhit giira hai dinh dé
giai bai toan SMT; va dé so sanh chét lugng cia cac thudt toan dé& xudt, chling toi trinh bay thuat toan heuristic MST-
Steiner ciia Bang Ye Wu va Kun-Mao Chao [3]. Cac thudt toan nay c6 dir liéu ddu vao 13 d6 thi G=(V,E,w), tap dinh
terminal L < V; va dit liéu dau ra I chi phi cua cdy Steiner T.

A. Thudt toan MST-Steiner

Algorithm: MST-Steiner [3]

1: Xay dyng d6 thi dy di G_ cia tap terminal L; trong d6 trong s6 cta cac canh la chiéu dai cia dwong di
ngan nhat noi hai dinh dau mut cta canh do;

2:  Tim mot cay khung nho nhat cia G, (dung thuat toan Kruskal hogc Prim);

3 T=G;

4: for (v&i mdi canh e=(u,v) € E(T))) {

5: Tim mot duong di ngan nhat P tir dinh u dén dinh v trén do thi G;

6: if P chira it hon hai dinh trong T thi

7 Chéen P vao T;

8: else

0: Cho p; va pj 1a dinh dau, dinh cudi da co trong T; chén duong di tir u dén p; va tir p; dén v vao T;
10: }

11: Output T.

Thuét toan MST-Steiner ¢6 do phirc tap thoi gian tinh 1a O(n|L|%) [3].
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B. Thudt toan SPT-Steiner
Pinh nghia 4. Cay duong di ngan nhat [3]
Cho d6 thi G, cdy duong di ngdn nhat (Shortest Path Tree - SPT) ¢ gbc tai dinh s 1a cdy khung ctia G vdi tap
canh la cac canh trén cac dudng di ngan nhat xuat phat tir dinh s dén cac dinh con lai cua G.
Cay dudng di ngén nhét c6 gdc tai dinh s ctia do thi G ¢4 thé tim dugc nho 4p dung thut toan Dijkstra dé tim
duong di ngan nhat tir dinh s dén tat ca cac dinh con lai.
Algorithm: SPT-Steiner (Shortest Path Tree- Steiner Tree)
1:  Tim céc cay dudng di ngan nhét xut phat tai cac dinh thudc tap V: SPT1,SPT,,...,SPT,
2:  Véi mbi cay T=SPT;, duyét cac dinh treo U € T, néu u ¢ L thi x6a canh chtra dinh u khoi E(T), x6a dinh u
trong V(T) va cap nhat bac cta dinh ké vdi dinh u trong T. Lap lai budc nay dén khi T khong con thay doi
(bude nay goi la budce xda cac canh du thira); sau budc nay thu dugc cac SPT; - twong ting véi cac SPT;.
3:  Tim mdt cay SPT;-cd téng trong s6 cac canh 1a nho nhét;
4: Output T.
D¢ phite tap thoi gian tinh cho thudt todn SPT-Steiner

Do thuét toan Dijkstra str dung cau trac dir liéu heap c6 do phirc tap thoi gian tinh 1a O(m log n) [18,20,25] nén
budc 1 ¢6 do phire tap O(mn log n); bude 2 ¢6 do phirc tap O(n?); bude 3 ¢6 dd phirc tap O(n). Vay thuat toan SPT-
Steiner c6 d¢ phirc tap thoi gian tinh 1a O(mn log n).

Vi du 1: Minh hoa tirng budc thuc hién thuat toan SPT-Steiner
Cho db thi G ¢6 10 dinh va 15 canh nhu hinh 1; trong d6 tap L={1,5,6}.
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Hinh 1. B4 thi vé hudng lién théng c6 trong sé G

Theo dinh nghia 4 va thuét toAn SPT-Steiner, ta xay dung cac cay duong di pgén nhét c6 gdc tai cac dinh 1, 2, 3,
4,5 6,7,8, 9, 1Q va sau khi x6a cac canh du thira ta c6 c&c cdy Steiner cé gia tri 151} luo“[’la‘l: 13, 13, 13, 13, 14, 15, 19,
13, 14, 15; dé ngan gon, ching tdi chi minh hoa viéc xay dung cac cdy Steiner vdi goc xuat phat thudc tap terminal.

Ta xét hinh 1; dau tién ta tim cdy duong di ngin nhit co géc’tai dinh 1; ta thu dugc cy duong di ngan nhat nhu
hinh 2.a; tiép theo ta loai bo cac canh du thira (2,7), (5,9), (3,10). Két qua thu dugc cay Steiner nhu hinh 2.b véi chi phi
14 13.

2
o 0 & ¢ |
Hinh 2.a. Cay dudng di ngin nhét c6 gdc tai dinh 1 Hinh 2.b. Cay Steiner sau khi dd x6a canh du thira
Tuong ty, tir hinh 1 ta tim cdy duong di ngan nhat ¢6 gbc tai dinh 5; ta thu dugc cdy duong di ngan nhét & hinh

3.a; tiép theo ta loai bo cac canh du thira (3,7), (5,9), (5,10), (3,4). Két qua thu dugc cdy Steiner nhu hinh 3.b véi chi
phi la 14.
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Hinh 3.a. Ciy duong di ngin nhat c6 gbe tai dinh 5 Hinh 3.b. Cay Steiner sau khi da x6a canh du thira

Tuong tu, tur hinh 1 ta tim cdy duong di ngén nhit c6 gé(; tai dinh 6; ta thu duoc cay dudng di ngin nhat ¢ hinh
4.a; tiép theo ta loai bo cac canh du thira (3,7), (5,9), (5,10). Két qua thu dugc cdy Steiner nhu hinh 4.b véi chi phi la
15.
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Hinh 4.a. Cay duong di ngin nhét c6 gde tai dinh 6 Hinh 4.b. Cay Steiner sau khi da x6a canh du thira

Va theo thuat toan SPT-Steiner trén; cay steiner két qua tim dwoc ¢6 chi phi 1a 13; chang han nhu hinh 2.b.

C. Thudt toan PD-Steiner
Algorithm: PD-Steiner (Prim+Dijkstra-Steiner Tree)

Tim cac duong di ngén nhit tir cac dinh thudc tap L dén cac dinh thudc tap V;

Chon mét dinh u € L; dat T={u};

while (T chua chira tit ca cac dinh thudce tap L) {
Tir mdi dinh v € L va v chua thude T, tim cAc dudng di ngan nhét tir dinh v dén cac dinh z € T; va
Chon ra mot duong di ngin nhat P;
Két nap céac dinh va cac canh trén duong di P vao cay T;

}

Output T.

Do phite tap thoi gian tinh cho thudt toan PD-Steiner

Budc 1 ¢6 d6 phire tap O(|L|.m.log n); budc 2 ¢6 d6 phirc tap O(1); vong lap & bude 3 ¢6 do phire tap O(|L|.n?).
Vay thuat toan PD-Steiner ¢6 do phirc tap thoi gian tinh 1a O(|L|.n?).

Vi du 2: Minh hoa ting budc thuc hién thuat toan PD-Steiner
Ta xét hinh 1; khoang cach ngéin nhit tir cac dinh thudce tap L={1, 5, 6} dén cac dinh thudc tap V lan luot 1a:

Dau tién chon T={1}, duong di ngin nht tir dinh 5 dén dinh 1 nhw hinh 5.a; tiép theo tir tim duong di ngdn nhat
tir dinh 6 dén cac dinh 1, 2, 3, 5, 8 va ta chon dudng di ngan nhat tir dinh 6 dén dinh 3; két qua thu dugc cdy Steiner
nhu hinh 5.b véi chi phi 1a 13.

2 - 4 o 2 3 : Q

8 o .

Hinh 5.a. Pudng di ngdn nhat tir dinh 1 dén dinh 5 Hinh 5.b. Puong di ngén nhit tir dinh 6 dén dinh 3
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Va theo thuat todn PD-Steiner trén; cay steiner két qua tim dugc c6 chi phi 1 13; ching han nhu hinh 5.b.

I1l. THU'C NGHIEM VA PANH GIA

Phéan nay ching t6i md ta chi tiét viéc thuc nghiém thuat toan MST-Steiner [3] va hai thuat toan heuristic do
ching t6i dé xuat; dong thoi dua ra mot s6 danh gia vé cac két qua dat dugc.

A. D# li¢u thwc nghi¢m

Dé thyc nghiém cac thuat toan lién quan, ching t6i sir dung 78 bo dir licu 1a cac do thi thua trong hé thong dir
lidu thuc nghiém chuan ding cho bai toan cdy Steiner tai dia chi URL http:/people.brunel.ac.uk/~mastjjb/jeb/orlib/
steininfo.html [10]; trong d6 nhoém steinb c6 18 d6 thi, nhom steinc ¢6 20 d6 thi, nhom steind ¢6 20 d6 thi, nhom steine
¢6 20 @6 thi (cac dd thi nay c6 t6i da 2500 dinh). Do céach tiép can bai toan SMT bang céc thudt toan heuristic c6 uu
diém hon cach tiép can bf’mg céc thuat toan metaheuristic dbi véi cac dd thi co kich thude 16n; it nhat cling vé mit thoi
gian tinh; nén ching toi dé xuat thém 20 bo dir lidu 1a cac do thi thua kich thudc 10000 dinh duoc sinh ngau nhién va
dat tén la Stelnf (cac db thi nay dugc sinh trude hét tir mot cay khung ngau nhién di qua hét tat ca n dinh cua db thi; sau
d6 sinh ngau nhién thém mot sé canh dén khi dd thi c6 da m canh; trong s6 cac canh ciing dugc sinh ngau nhién). Tong
cong hé¢ thong dit li¢u thye nghiém trong bai bao nay 1a 98 bo.

B. Méi trwong thuwc nghi¢m

Cac thuat toan MST-Steiner, SPT-Steiner, PD-Steiner dugc ching toi cai dat bang ngdn ngit C++ str dung moi
truong DEV C++ 5.9.2; dugc thyc nghi€m trén mdt may chi do Hé diéu hanh Windows server 2008 R2 Enterprise,
64bit, Intel(R) Xeon (R) CPU E5-2660 0 @ 2.20 GHz, RAM 4GB.

C. Két qud thwc nghiém va dinh gid

Két qua thyc nghiém cua cac thuat toan duoc ghi nhan & cac bang 1, 2, 3, 4, 5. Cac bang c6 céu triic nhu sau:
Cot dau tién (Test) 1a tén cac b dir liéu trong hé thong dir li¢u thuc nghi€m; s dinh (n), so canh (M) va so dinh thudc
tap terminal (JL|) ctia tirng d6 thi; cac cot tiép theo ghi nhén gia trj chi phi ciy Steiner tuong (mg vai ting thuat toan.

Bang 1. Két qua thyc nghiém thuat toan trén nhom db thi steinb

Test n m IL| |MST-Steiner |SPT-Steiner | PD-Steiner
steinbl.txt | 50 63 9 82 82 82
steinb2.txt | 50 63| 13 90 84 84
steinb3.txt | 50 63| 25 140 147 138
steinb4.txt | 50 100 9 64 59 62
steinb5.txt | 50 100 | 13 64 62 61
steinb6.txt | 50 100 | 25 128 134 126
steinb7.txt | 75 94| 13 111 111 111
steinb8.txt | 75 94| 19 104 113 104
steinb9.txt | 75 94| 38 222 222 220

steinb10.txt | 75 150 | 13 98 90 90
steinb1l.txt | 75 150 | 19 91 93 90
steinb12.txt | 75 150 | 38 174 192 174
steinb13.txt | 100 125 | 17 175 172 175
steinb14.txt | 100 125 | 25 237 253 235
steinb15.txt | 100 125 | 50 323 335 318
steinb16.txt | 100 200 | 17 137 138 133
steinb17.txt | 100 200 | 25 134 139 132
steinb18.txt | 100 200 | 50 222 250 222
Bang 2. Két qua thyc nghiém thuat toan trén nhom dd thi steinc

Test n m L] |MST-Steiner |SPT-Steiner |PD-Steiner
steincl.txt | 500 625 5 88 86 85
steinc2.txt | 500 625 | 10 144 158 144
steinc3.txt | 500 625 | 83 779 843 762
steinc4.txt | 500 625 | 125 1114 1193 1085
steinc5.txt | 500 625 | 250 1599 1706 1583
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Test n m IL| |MST-Steiner |SPT-Steiner | PD-Steiner
steinc6.txt | 500 | 1000 5 60 56 55
steinc7.txt | 500 | 1000 | 10 115 103 102
steinc8.txt | 500 | 1000 | 83 531 597 516
steinc9.txt | 500 | 1000 | 125 728 865 718
steinc10.txt | 500 | 1000 | 250 1117 1327 1107
steincll.txt | 500 | 2500 5 37 32 34
steincl12.txt | 500 | 2500 | 10 49 46 48
steinc13.txt | 500 | 2500 | 83 274 322 268
steincl4.txt | 500 | 2500 | 125 337 417 332
steinc15.txt | 500 | 2500 | 250 571 703 562
steinc16.txt | 500 | 12500 5 13 12 12
steinc17.txt | 500 | 12500 | 10 19 19 20
steinc18.txt | 500 | 12500 | 83 125 146 123
steinc19.txt | 500 | 12500 | 125 158 195 159
steinc20.txt | 500 | 12500 | 250 269 339 268

Bing 3. Két qua thuc nghiém thuit toan trén nhom db thi steind

Test n m IL| |MST-Steiner | SPT-Steiner PD—

Steiner
steindl.txt | 1000 | 1250 | 5 107 107 107
steind2.txt | 1000 | 1250 | 10 237 228 232
steind3.txt | 1000 | 1250 | 167 1636 1771 1593
steind4.txt | 1000 | 1250 | 250 2012 2174 1957
steind5.txt | 1000 | 1250 | 500 3310 3511 3270
steind6.txt | 1000 | 2000 | 5 74 70 75
steind7.txt | 1000 | 2000 | 10 105 111 103
steind8.txt | 1000 | 2000 | 167 1138 1287 1104
steind9.txt | 1000 | 2000 | 250 1540 1773 1500
steind10.txt | 1000 | 2000 | 500 2163 2550 2141
steind11.txt | 1000 | 5000 | 5 31 29 31
steind12.txt | 1000 | 5000 | 10 43 44 42
steind13.txt | 1000 | 5000 | 167 531 643 518
steind14.txt | 1000 | 5000 | 250 702 851 691
steind15.txt | 1000 | 5000 | 500 1151 1437 1134
steind16.txt | 1000 | 25000 | 5 15 13 14
steind17.txt | 1000 | 25000 | 10 25 25 23
steind18.txt | 1000 | 25000 | 167 251 301 246
steind19.txt | 1000 | 25000 | 250 344 424 334
steind20.txt | 1000 | 25000 | 500 544 691 542

Bang 4. Két qua thyc nghiém thuat toan trén nhom db thi steine

Test n m IL| |MST-Steiner|SPT-Steiner |PD-Steiner
steinel.txt | 2500 | 3125 5 125 111 115
steine2.txt | 2500 | 3125 | 10 244 214 227
steine3.txt | 2500 | 3125 | 417 4232 4570 4118
steined.txt | 2500 | 3125 | 625 5316 5675 5201
steine5.txt | 2500 | 3125 | 1250 8313 8976 8226
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Test n m L] |MST-Steiner|SPT-Steiner |PD-Steiner
steine6.txt | 2500 | 5000 5 86 73 78
steine7.txt | 2500 | 5000 | 10 165 150 159
steine8.txt | 2500 | 5000 | 417 2809 3254 2726
steine9.txt | 2500 | 5000 | 625 3809 4474 3727
steine10.txt | 2500 | 5000 | 1250 5745 6847 5673
steine1.txt | 2500 | 12500 5 39 34 38
steine12.txt | 2500 | 12500 | 10 73 68 69
steine13.txt | 2500 | 12500 | 417 1370 1704 1332
steinel4.txt | 2500 | 12500 | 625 1814 2304 1778
steine15.txt | 2500 | 12500 | 1250 2856 3626 2819
steine16.txt | 2500 | 62500 5 17 15 15
steine17.txt | 2500 | 62500 | 10 27 27 26
steine18.txt | 2500 | 62500 | 417 646 804 639
steine19.txt | 2500 | 62500 | 625 809 1059 806
steine20.txt | 2500 | 62500 | 1250 1358 1753 1357

Bang 5. Két qua thuc nghiém thudt toan trén nhom do thi steinf

Test n m IL| |MST-Steiner|SPT-Steiner |PD-Steiner
steinfl.txt | 10000 | 93750 10 62 58 59
steinf2.txt | 10000 | 93750 20 107 109 105
steinf3.txt | 10000 | 93750 | 834 2292 2912 2214
steinf4.txt | 10000 | 93750 | 1250 3022 3865 2921
steinf5.txt | 10000 | 93750 | 2500 4979 6481 4841
steinf6.txt | 10000 | 125000 10 54 50 50
steinf7.txt | 10000 | 125000 20 92 94 86
steinf8.txt | 10000 | 125000 | 834 1993 2499 1907
steinf9.txt | 10000 | 125000 | 1250 2729 3500 2624

steinfl0.txt | 10000 | 125000 | 2500 4328 5641 4228
steinfll.txt | 10000 | 156250 10 37 38 37
steinfl2.txt | 10000 | 156250 20 82 84 76
steinfl3.txt | 10000 | 156250 | 834 1816 2313 1717
steinfl4.txt | 10000 | 156250 | 1250 2429 3118 2339
steinfl5.txt | 10000 | 156250 | 2500 3962 5124 3888
steinf16.txt | 10000 | 187500 10 39 38 38
steinfl7.txt | 10000 | 187500 20 79 75 75
steinfl8.txt | 10000 | 187500 | 834 1660 2140 1587
steinf19.txt | 10000 | 187500 | 1250 2227 2909 2161
steinf20.txt | 10000 | 187500 | 2500 3709 4808 3612

D. Ddnh gid két qud thue nghiém
Chit lwong 10i gidgi

Muc nay nhiam so sanh chét lugng 10i giai ctia cac thuat toan SPT-Steiner va PD-Steiner v6i thuét toAn MST-
Steiner. Két ‘qua so sanh dugc ghi nhan ¢ bang 6; bang nay dugc tong hop tir cac bang 1, 2, 3, 4, 5. Noi dung cua bang
6 cho biét sb luogng (SL) va phan tram (%) tuong g vai s6 lugng bo dir liéu cho chat lwong 101 giai tot hon (ghl nhén
boi ky hiéu "<") hodc cho chit lugng 161 giai bang nhau (ghi nhén boi ky hiéu "=") hodc cho chat luong 101 giai t6i hon
(ghi nhan bai ky hiéu ">") khi so sanh SPT-Steiner va PD -Steiner véi thut toan MST- Steiner.
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V6i 18 bo dit liéu nhém steinb, thuat toan SPT-Steiner cho chit luong 101 giai tot hon (t6i hon) thuat toan MST-
Steiner (27.8%, 55.6%); thuat toan PD-Steiner cho chat lugng 10i giai t6t hon (t6i hon) thuét toan MST-Steiner (66.7%,
0.0%). Két qua so sanh cac thuat toan SPT-Steiner va PD-Steiner v6i thuat toan MST- Steiner trén mdi nhom dir liéu
steinc, steind, steine, steinf con lai ciing d duogc thé hién chi tiét & bang 6.

Dinh gid chung trén toan by 98 b¢ dit liéu, thuat toan SPT-Steiner cho chét lugng 101 gidi tot hon (tdi hon) thuat
todn MST-Steiner (26.5%, 66.3%); thuat toan PD-Steiner cho chat lugng 101 giai tot hon (t6i hon) thuét toan MST-
Steiner (86.7%, 3.1%).

Bang 6. So sanh cht hrong 151 gidi cua thudt toan SPT-Steiner va PD -Steiner vai thuét toan MST- Steiner

Nhom db thi SPT <MST | SPT = MST | SPT >MST | PD<MST | PD = MST | PD >MST
‘| SL % SL % SL % |[SLi % SL % | SLi{ %

steinb 5i{ 278 3{ 16.7| 10 556 |12} 66.7 6 333] 0f 0.0
steinc 6 300 1 50| 13} 65.0| 17} 85.0 1 50| 2 100
steind 41 20.0 2 100) 14} 700 ] 17} 850 2 10.0 1 50
steine 71 350 1 50| 12! 60.0| 20 | 100.0 0 00| 0 00

steinf 41 20.0 0 00| 16} 80.0| 19} 95.0 1 50| 0{ 00
Tongcong: | 26| 26.5 7 71| 65} 6638 8.7 10{ 102] 3| 31

Minh hoa chit lwong 16i gidi bang dé thi

Céc hinh 6.a, 6.b, 6.c, 6.d, 6.¢, 6f sau minh hoa chat lugng cac thudt todn qua 6 d6 thi dau tién thuoc nhom do
thi 16n steinf; tuong Gmg vai so liéu lay tir 6 dong dau tién cia bang 5.

steinfl.tx steinf2.txt steinf3.ixt

et 0
62 ) 2292
A0 ) 1214
(R
5
e 1
5
; ' l . .kl
M3T-Steiner  3P7T-Stener  PO-Steme MET-Stemer  SHT-Stemer  PO-Steiner

Hinh 6.a. Minh hoa chit lugng steinfl  Hinh 6.b. Minh hoa chét lugng steinf2 ~ Hinh 6.c. Minh hoa chit lwong steinf3

steinfd.xt steinfS.ixt steinfe. o

) ' = £481
- =l w73 241 33
3000 s —
ot e
2000 z
l .‘I :

- | l '
1000 I

MET-Stener SHT-Si= e PO-5terer MST-Steiner SPT-Steiner  PD-Sasmer MET-5teiner SPT-Sieiner FD-Steiner

Hinh 6.d. Minh hoa chat luvong steinf4  Hinh 6.e. Minh hoa chit luong steinf5  Hinh 6.f. Minh hoa chét lugng steinfé

H
2]

Thoi gian chay ciia cdc thudt toan MST-Steiner, SPT-Steiner, PD-Steiner

Tiép theo chung toi ghi nhén thoi gian chay trung binh cta ba thuat toan MST-Steiner, SPT-Steiner, PD-Steiner
qua cac test co s thtr tyr 13,14,15 ciia mdi nhom dir liéu (chung t6i chon cac test ndy vi trong mdi nhoém dd thi thi cac
test c6 sO thir tur 13,14,15 ¢6 cling s6 dinh va ¢6 cing sb canh).

Thoi gian chay ngoai viéc phu thudc vao dd phirc tap thoi gian tinh cta thuat toan; con phu thudc vao moi
truong thyc nghiém [13],... tuy nhién thong tin vé thoi gian chay cia cac thuat toan do chung toi cai dat liét ké & bang
7 ciing cho chiing ta thong tin tham khao sau sat hon vé ba thuat toan ndy (chung t6i chon céu triic dir liéu hang doi wu
tién dé cai dat ba thudt toan trén).
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Bang 7. Thoi gian tinh trung binh ciia céc thuét toan theo mdi nhém dit liéu (tinh bing don vi gidy).

Nhom dé thi | MST-Steiner | SPT-Steiner | PD-Steiner
steinb 0.001 0.003 0.001
steinc 0.032 0.298 0.023
steind 0.136 1.752 0.139
steine 0.939 23.334 1.402
steinf 19.594 1241.592 23.393

IV. KET LUAN

Trong bai béo nay ching toi da dé xuét hai thuat toan heuristic SPT-Steiner va PD-Steiner giai bai toan SMT
dua trén cac thuat toan tim dudng di ngan nhat; cac dé xuat nay cung véi thuat toan MST-Steiner ciia Bang Ye Wu va
Kun-Mao Chao di dugc ching tdi cai dat thyc nghiém va danh gia chi tiét trén 98 bg dir liéu 1 cac do thi thwa trong hé
thdng dir liéu thuc nghiém chuén; trong d6 c6 nhitng dd thi thua c6 kich thude 16n. Thuat toan SPT-Steiner cho 10 giai
chat luong tt hon hodc bang thuat toan MST-Steiner trén 33.7% s6 bo dir lidu, thuat toan PD-Steiner cho 10i giai chat
luong tot hon hodc bang thuat toan MST-Steiner trén 96.9% sé bo dir liéu. Thoi gian chay clia cac thuat toan SPT-
Steiner va PD-Steiner chdm hon so v&i thuit toAn MST-Steiner. Hai thuét toan heuristic SPT-Steiner va PD-Steiner va
céc két qua thyc nghiém trong bai béo ndy 1a thong tin hiru ich cho cic nghién ciru tiép theo vé bai toan SMT; nhat 1a
dbi v6i viée giai bai toan SMT trong truong hop d6 thi thua c6 kich thude 16n.
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HEURISTIC ALGORITHMS FOR SOLVING STEINER MINIMAL TREE PROBLEM
Tran Viet Chuong, Phan Tan Quoc, Ha Hai Nam

ABSTRACT: Steiner Minimal Tree (SMT) is a combinatorial optimization problem that has many important applications in science
and engineering; this is the problem of class NP-hard. In recent decades, there have been a series of scientific papers which were
published for solving the SMT problem according to the approaches of exact solutions and approximate solutions. In this paper, two
heuristic algorithms are proposed for solving the proposed SMT; The first proposal is to use the main idea of the algorithm for
finding the shortest path tree and the second one is to combine the main idea of algorithms Prim and Dijkstra. The proposed
algorithms have been experimented on the sparse graphs in the standard experimental benchmark instances; Experimental results
show that the proposed algorithms are more efficient than some existing approximation algorithms; especially for the sparse graphs
with large size. The experimental results are useful information for further research on the problems of SMT.



